ABSTRACT -Purpose. Leishmaniasis is a major health problem in many tropical and sub-tropical countries and development of a safe and easily-available vaccine has high priority. Although several antigens potentially capable of inducing protective immunity have been studied, in the absence of pharmaceutical industry interest they have remained as fine publications only. Amongst them, Cathepsin L-like cysteine proteinases (CPs) have received considerable attention and type I and II CPs have been used in a heterologous prime-boost vaccination regime for experimental visceral leishmaniasis in dogs. Due to the promising results of the mentioned vaccination regime, we aimed to evaluate cationic solid lipid nanoparticles (cSLNs) for in vitro delivery of cpa, cpb and cpb CTE intended to be used as a cocktail DNA vaccine in our forthcoming studies. Methods: cSLNs were formulated of cetyl palmitate, cholesterol, DOTAP and Tween 80 via melt emulsification method followed by high shear homogenization. Different formulations were prepared by anchoring pDNAs on the surface of cSLNs via charge interaction. The formulations were characterized according to their size and zeta potential as well as pDNA integrity and stability against DNase I treatment. Lipoplexes' cytotoxicity was investigated on COS-7 cells by MTT test. The effect of the DOTAP:pDNA ratio on protection ability and cytotoxicity was also studied. In vitro transfection efficiency was qualified by florescent microscopy and quantified using flow cytometry technique. Results: cSLN-pDNA complexes were formulated with suitable size and zeta potential. Efficiency/cytotoxicity ratio of cSLN-pDNAs formulations was comparable to linear PEI-25kDa-pDNAs polyplexes while exhibiting significantly lower cytotoxicity. Conclusion: Tested formulations were able to deliver immunogenic CP genes efficiently. This data proves the ability of this system as a promising DNA vaccine carrier for leishmaniasis to cover the main drawback of naked pDNA delivery that is rapidly elimination from the circulation.
INTRODUCTION
Leishmaniasis is a disease caused by intracellular protozoan parasites of the genus Leishmania, with a diverse set of zoonotic diseases in which humans are incidentally infected. The disease is currently endemic in 88 countries, some of which are among the poorest in the world, affecting 12 million people and threatening 350 million people worldwide (1) . Multiple species of Leishmania are known to cause human diseases. Amongst them, cutaneous leishmaniasis (CL) due to Leishmania major (L. major) infection tends to form lesions in the skin with duration typically from few months to a year. Currently, no effective vaccine against leishmaniasis is available and controlling the disease is based on two main strategies, both not efficient enough: controlling Leishmania vectors and reservoir containments, and long-term administration of a limited number of toxic drugs that have partial effectiveness, sometimes accompanied by severe side effects and drug resistency (2) . Therefore, much attention has been given toward development of effective vaccines. Among different vaccination strategies, DNA vaccination is a potent activator of innate and adaptive immunity for such an intracellular pathogen. It induces both Th1 response and CD8 + cytotoxic T lymphocytes, accompanied by producing correctly-folded polypeptides with long period of expression and an inherent adjuvant capacity in the form of CpG motifs (3, 4) . DNA vaccines are also more potent and safer than live attenuated and killed vaccines with no adverse reactions in the injection site, enabling simultaneous administration of multiple plasmids without interference.
Searching for protective antigens, as recombinant proteins or DNA vaccines, has been a main objective of many investigations. Unfortunately, they induce only partial protection and/or need some clinically unacceptable adjuvants to induce proper Th1 response in humans (5) . Among them, cysteine proteinases (CPs) are enzymes that belong to the papain super family, which are found in a number of organisms from prokaryotes to mammals. In Leishmania, extensive studies have shown that CPs are involved in parasite survival, replication and the onset of disease, which makes them attractive vaccine and/or drug targets for the control of leishmaniasis (6) . Previously, our research team has shown that the native form of L. major CPs are recognized by lymphocytes taken from human and mice infected with Leishmania. Immunization experiments using CPs type I (CPB) and type II (CPA) have been carried out in mouse model as well as outbreed dogs with different strategies including DNA and recombinant protein vaccination (7, 8) . Recently, prime-boost vaccination using C-terminal extension (CTE) of L. infantum CPs type I have been performed in BALB/c mice and exhibited both type 1 and 2 immune responses. We showed that although CTE is highly immunogenic, it could direct the immune response toward the Th2 response (9) . Therefore, there was a need for further investigating and examining the protective potential of the mentioned cocktail vaccine including cpb without CTE fragment (cpb -CTE ). Despite all of these valuable data, it is crucial to emphasize that although DNA vaccination offers promises against experimental leishmaniasis, these vaccines are known to be poorly immunogenic and still faced with a number of significant hurdles. It is worth mentioning that DNA immunization is relatively a new strategy and DNA vaccine delivery is still an immature field and no delivery system has yet proven to be sufficiently effective in vivo. However, this field has been improving rapidly in the recent years. The major obstacle in DNA delivery is transporting the DNA into the nucleus of target cells, where they express the foreign gene, before its degradation. In this regard, several pharmaceutical approaches are introduced to overcome these drawbacks. An appropriate vaccine formulation would offer good opportunities to increase vaccine efficacy. In this concern, various colloidal carrier systems have been extensively studied for the formulation of DNA vaccines. Among them, lipid-based delivery systems for DNA in vivo administration represent one of the most advanced delivery technologies to date. They protect loaded DNA while improving its pharmacokinetic characteristics and enhance DNA intracellular uptake and delivery to target APCs (10) . Cationic solid-lipid nanoparticles (cSLN) are one of the colloidal lipid-based delivery systems which consist of physiologically well-tolerated ingredients mostly already approved for pharmaceutical application in humans, (11) . The solid matrix can protect active biologic ingredients (i.e. DNA) against degradation and allows modulation of the release profiles (10) . SLN can be produced without utilizing toxic solvents and even large scale production is possible (11) . Furthermore, SLNs with suitable composition have been shown to be well tolerated in vitro, as well as after in vivo administration in mice and rats (12, 13) . Therefore, Solid Lipid Nanoparticles (SLN) are offered to be a promising alternative to the other colloidal delivery systems.
In the present study, cSLNs were prepared by a melt emulsification method followed by High Shear Homogenization (HSH) method. Plasmids containing CPs type I and II were anchored on the cationic surface of nanoparticles via charge interactions to produce a cSLN-based cysteine proteinases delivery system. Various cSLN-pDNA formulationes were prepared as a function of weight ratio between cationic lipid and pDNAs and characterized by measuring size and surface charge values. The cytotoxicity and gene expression effect of cSLN-pDNAs was evaluated and compared to linear PEI (25-kDa)-pDNA polyplexes as a standard control.
Since 2001 when Solid Lipid Nanoparticles were launched as non-viral transfection systems, very few reports on their application for gene delivery and no comprehensive report about their usage in anti parasitic DNA vaccination have been published. Here in this paper, we evaluate the incorporation of immunogenic CP genes into these non-toxic nanoparticles as a novel non-viral DNA vaccine formulation against leishmaniasis.
MATERIALS AND METHODS

Materials
Cetylpalmitate, Tween 80, sodium cholate and cholesterol were purchased from Merck (Germany). N- [1] [2] propyl]-N,N,Ntrimethylammonium chloride (DOTAP), deoxyribonuclease I (DNase I), sodium dodecyl sulfate (SDS), and MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] were purchased from Sigma-Aldrich (Germany). pEGFP-N1 encoding the green fluorescent protein (GFP) was purchased from Bioscience Clontech. Linear PEI (MW=25 kDa) was purchased from Polyscience (Europe). The materials employed for agarose gel electrophoresis were acquired from BioRad and those applied for PCR and enzymatic digestion were acquired from Roche Applied Sciences. Cell culture reagents including Fetal Calf Sera (FCS), trypsin, EDTA and RPMI were purchased from GIBCO (Germany). To avoid surface-active impurities, autoclaved MilliQ TM water was used in all the experiments.
Plasmid Construction and Purification
pEGFP-cpb -CTE
Cpb
-CTE gene was amplified from the construct pGEM-cpb (8), using the following sense and anti sense primers including (5′ and 3′ BamHI and HindIII restriction sites are underlined, respectively) H6KB: 5' -CGGGATCCACCAT GGATGCGGTGGACTGGCGCG -3′; and CpbE: 5′ -CTGAAGCTTCACATGCG CGGACACGGG-3′. The PCR product (650 bps) was digested with BamHI and HindIII, gel purified and subcloned into pcDNA 3.1(-). Plasmid DNA was purified from recombinant clones (QIAGEN Plasmid Midi Kit, Germany), and verified by restriction enzyme digestion and sequencing using the dideoxy chain termination method on an automated sequencer. After confirmation, the desired gene was sub-cloned into pEGFP-N1 for transfection and named as pEGFP-cpb -CTE .
pEGFP-cpa and pEGFP-cpb
Both pGEM-cpa and pGEM-cpb were available from previous studies (8) . Therefore, both cpa and cpb fragments from these constructs were cloned into pEGFP-N1. In all three resulted constructs (pEGFP-cpa, pEGFP-cpb, and pEGFP-cpb -CTE ), the cpa, cpb, and cpb -CTE open reading frames were under control of the CMV promoter, inserted downstream of a Kozak consensus sequence and in frame with an initiation codon. Plasmid DNAs were transformed into the DH5αE. coli strain and purified by alkaline lysis method (QIAGEN Plasmid Midi Kit) and then confirmed by PCR and digestion (data not shown). The total concentration and purity of DNA was determined by NanoDrop ® ND-1000 spectrophotometer (Labtech, UK).
Preparation of cSLN formulations
Application of cetylpalmitate and Tween 80 for SLN formulation was reported elsewhere (14, 15, 16) . We used a slightly modified method to prepare SLN formulation while different process variables were evaluated in an experimental design matrix consisted of 9 runs (3 2 ) which were obtained by Design-Expert 6.0.6 statistical software. The preparation factors investigated here were the surfactant:total lipid ratio and the preparation method that is either based on melt emulsification (ME), HSH, or a combination of both methods, i.e homogenization of the obtained hot oil in water mixture before cooling (M+H) . The effect of these variable factors were evaluated on the size, zeta and stability of the formulations.
To determine required amount of DOTAP to form a stable complex with pDNA, a 200-µl reaction mixtures were prepared by adding increasing amounts of DOTAP dissolved in milli Q TM water to 5 µg of pDNA and incubated for 60 min at room temperature. A gel retardation assay was then applied for monitoring the pDNA/DOTAP complex formation by loading 15 µl (0.37 µg/µl DNA) of samples onto a 0.8% agarose gel using 0.5 µg/µl ethidium bromide.
For preparing SLN formulations based on experimental design matrix sodium cholate was added to the hot water phase instead of desired amount of DOTAP that was prescreened in the previouse step. The lipid phase contained a constant amount of cetylpalmitate and cholesterol (core and helper lipids) for all the runs. The entire full factorial design of experiment is listed in Table 1 . 4 2.5 HSH S 5 2.5 ME S 6 2.5 M+H S 7 4 HSH S 8 4 ME S 9 4 M+H
In order to prepare the final cationic formulation, briefly desired amount of DOTAP (0.4% w/v) was dissolved in hot aqueous phase. The hot aqueous phase was then added to the melted cetyl palmitate and cholesterol (5.1% w/v) phase containing Tween 80 as a nonionic surfactant at the ratio obtained from the experimental design and emulsification was carried out by stirring the mixture at 2000 rpm by a mechanical stirrer (IKA R , Germany) for 10 min at 90 °C. Samples were then homogenized using a high shear homogenizer (IKA R , Germany) at 18,000 rpm for 15 min. cSLN dispersion was obtained by direct cooling of hot O/W microemulsion on an ice-bath while stirring at 1000 rpm. Reproducibility of the results was also studied. cSLNs were washed by centrifugation (6000 rpm, 10 min, three times) using the Amicon ® Ultra centrifugal filters (Millipore) to purify the suspension from excess surfactants.
pDNA Loading on Nanoparticles
Preparation of cSLN-pDNA complexes Volumes corresponded to 5 µg of each purified pEGFP plasmid DNA (pEGFP-cpa, pEGFP-cpb, pEGFP-cpb -CTE and vector without insert as control) were mixed with different amounts of cSLN suspensions in Milli-Q™ water separately. The amounts of cSLNs required for complete DNA binding were determined individually by agarose gel electrophoresis and expressed as w/w ratio of DOTAP/pDNA. DOTAP/pDNA ratios assayed ranged from 10:1 to 1:1. cSLN-pDNA complexes were prepared by adding pDNA solution to cSLN suspension and 60 min incubation at room temperature.
Preparation of PEI-pDNA complexes PEI-pDNA complexes were prepared by mixing appropriate volumes of 10 μM linear PEI (25 kDa) solution (calculated for 7, 10, 13 N/P ratios) with 5 μg of each pEGFP-N1construct (pEGFP-cpa, pEGFP-cpb , pEGFP-cpb -CTE and vector without insert as control) and incubating the mixture at room temperature for 60 min.
Assessment of Nanoparticles
Measurement of Size and zeta potential
The sizes of cSLNs and cSLN-pDNA complexes were determined by photon correlation spectroscopy (PCS). For this purpose, the SLN in water dispersions were diluted in the ratio of 1:100 before analysis. Both size and zeta potential measurements were performed on a Malvern Zetasizer 3000 (Malvern Instruments, Worcestershire, UK). The analysis was performed on each sample immediately after preparation of the cSLNS and 2 hrs after preparing the cSLN-pDNA complex in milli Q water.
Gel retardation analysis
Gel retardation assay was applied to determine complex formation between pDNA (5 µg) and cSLNs (DOTAP different weight ratios). For this purpose, 15 µl aliquots of the complexes samples (containing 0.375 µg of pDNA) were subjected to electrophoresis on a 0.8% agarose gel containing 0.5 µg/µl ethidium bromide after mixing with 7 µl loading buffer (0.25% bromophenol blue and 30% glycerol). Electrophoresis was carried out in 80 V for about 2 h in 1X TBE running buffer. The bands were observed with a transilluminator (Bio Doc-IT TM System, UK). Images were captured using a digital camera.
DNase I protection study
In order to assess protection ability of cSLNs for loaded pDNAs, DNase I was added to cSLNpDNA complexes to a final concentration of 0.8 U DNase I to 5 μg DNA and the mixtures were incubated at 37 °C for 1 hr. Then SDS solution was added to the samples to a final concentration of 1% to release DNA from cSLNs. Samples were then analyzed by electrophoresis on agarose gel 0.8% containing ethidium bromide and the integrity of the DNA in each sample was visualized and compared with free DNA as control.
Stability studies
The physicochemical stability of cSLNs alone and in complex with pDNA constructs were evaluated at 4±1°C, 25±1°C at dark for 1 month at regular time intervals via observation of any changes in suspension clarity, particle size and zeta potential assessments.
In Vitro Studies
Cytotoxicity assay COS -7 cells (ATCC no. CRL 1654) were plated at a density of 1×10 4 cells/well in a 96 well microtiter plates at 37°C in 5% CO 2 in RPMI as growth medium and incubated at 37 °C overnight in 5% CO 2 atmosphere (Memmert, USA). Then the medium was removed and cells were washed with serum-free RPMI medium and 200 µl of serum-free RPMI medium was added to each well. After overnight incubation, SLN suspensions or PEI solution sample in desired concentrations were added to the medium and cells were incubated for another 24 hrs. As controls, a well with only medium (100% viability) and a well with 2% triton X (0% viability) were assigned. The plate was incubated for 24 hrs in 37°C. Then 100 µl MTT solution per 1 ml medium was added to each well after removing the media. Four hrs after incubation, the insoluble formazan crystals were solubilzed in DMSO and absorption was measured at 570 nm in an automated ELISA plate reader (Bio-Tek ELx808, UK). Viability was expressed in percent compared to untreated cells (100% survival). Experiments were performed in triplicates and repeated at least twice. Relative cell viability was calculated by dividing [Abs] (mean absorbance) of treated cells to [Abs] of the control cells.
Plasmid Delivery Assays
Transfection studies via fluorescent microscopy COS-7 cells were transfected with pEGFP-N1 (encoding enhanced GFP as a positive transfection control), pEGFP-cpa, pEGFP-cpb and pEGFP-cpb -CTE using SLN and linear PEI (25 kDa). Nontransfected COS-7 cells were used as negative control.
Briefly, the day prior to transfection, 1.5×10 5 COS-7 cells were seeded in each well of 4-well plates (SPL life sciences, South Korea) and grown in RPMI 5% supplemented with heat-inactivated FCS until the cell reached 75% confluency. Cell culture medium was replaced with serum free medium immediately before transfection. PEIpDNA and cSLN-pDNA complexes were added to the cells and incubated for 6 hrs at 37 ºC in 5% CO 2 , and then the medium was replaced with fresh complete RPMI containing 5% FCS. The GFP expression of positive transfection control (the COS-7 cells transfected by pEGFP-N1) was confirmed by an inverted fluorescence microscopy (Nikon E200, USA). Observations and image captures were performed using a 10X objective at 24, 48 and 72 hrs after transfection. The expression of L. major CPA, CPB and CPB -CTE in transfected COS-7 cells were carried out and qualified by detection of GFP expression via fluorescence microscopy at different time intervals (24, 48 and 72 hrs) after transfection.
Flow cytometry analysis
At 48 hrs after incubation, cells in 4-well plates were washed once with 300 μl of PBS and were detached with 300 μl of trypsin/EDTA. Then the cells were centrifuged at 1500 g and the supernatant was discarded. The cells were resuspended in RPMI and kept on ice. Afterward, cells were directly applied to a Partec PASIII flow cytometer (Partec GmbH, Germany) using a bivariate scatter plot of fluorescence versus side scatter, by gate setting with un-transfected cells. A minimum of 10,000 events from the viable transfected cell population per sample were analyzed.
STATISTICAL ANALYSIS
All of the pharmaceutical experiments were repeated 3 times and all measurements were repeated three to five times. Means and standard deviations were calculated using GraphPad Prism 5.0 (if necessary). The statistical analysis between different groups was determined with an ANOVA test. Differences were considered statistically significant when p < 0.05.
RESULTS
Plasmid construction and purification
The PCR products corresponding to the cpa (696 bp), cpb (950 bp) and cpb -CTE (650 bp) genes, were successfully ligated into pEGFP-N1 and clones were confirmed by PCR and enzymatic digestion (data not shown). The obtained recombinant plasmids named as pEGFP-cpa, pEGFP-cpb and pEGFP-cpb -CTE were prepared by Qiagen plasmid extraction midi kit.
cSLN Formulation and characterization
Response analysis of the results from full factorial design (Table 1) demonstrated that a formulation with total lipid:Tween 80 ratio of 3.25 processed by M+H method (S formulation) has a proper size of 257±21 nm, zeta potential of +52±6, and size distribution of 0.34±0.08. This formulation was stable for 30 days (p<0.05). Formulations S 1-9 were prepared and characterized according to their size and zeta potential and poly dispersity index and stability assessments after 30 days for (Table 2) . Increasing homogenization time and rate did not show any significant decrease in the particle size. Results were also reproducible within two separate experiments. We utilize DNA surface adsorption via direct complexation of constant amounts (5 µg) of each pDNA (pEGFP-cpa, pEGFP-cpb and pEGFP-cpb CTE ) with cSLNs as a simple and highly efficient method. Table 3 presents the formulations according to their DOTAP: pDNA ratios and their characteristics.
As shown in Fig. 1 , gel retardation assay for SLN-pDNA revealed different complexation strength in various DOTAP:pDNA ratios. Clearly unbound free pDNA bands were visible for SD 6 and SD 7 (Table 3 ) formulations (Fig. 1, Lanes 6 and 7) . Thus a complete complexation between pDNA and SLN was achieved at a DOTAP:pDNA:ratio higher than 3:1(Lane 1-5) and either free or retarded pDNA bands were not visible in these samples. In addition, all of the formulations subjected to DNase I digestion and undigested pDNAs were recovered and visualized by agarose gel electrophoresis as described in Materials and Methods. The integrity of pDNAs was studied immediately after loading and before transfection studies and was compared to both untreated (Fig. 2 , Lane 1) and treated (Fig. 2 , Lane 2) control pDNAs. As shown in Fig. 2 , naked pDNA was completely degraded under the experimental conditions (Fig. 2 , Lane 2). Unbound free pDNAs bands were observed for SD 1 formulation (Fig. 2 , Lane 3) comparable with untreated intact DNA (Fig. 2 , Lane 1), confirming the data obtained by the gel retardation assay. As it is demonstrated in Fig 2, the pDNAs in SD 1-4 were completely protected from DNase I digestion (Fig. 2 , Lanes 3-6) and the greater part of the released pDNA maintained its supercoiled conformation more similar to the control pDNA (Fig. 2, Lane 1) . When the complex ratio was 3:1 and lower, both free and retarded pDNA bands were faintly visible (Fig. 2 , Lanes 7-9), indicating that there has been no full complex formation as previously observed in the gel retardation assay. Reproducibility of this assay was confirmed at 3, 7 and 14 days after loading, on the formulations stored at 4° C. The incubation time necessary for degrading 5 µg of naked pDNA was determined to be 60 min. The storage stability analysis of the fresh SD [1] [2] [3] [4] [5] [6] [7] [8] [9] formulations and those stored in dark for up to 4 weeks at different temperatures (4 ± 1°C and 25 ± 1°C) revealed different sizes and zeta potentials due to the DOTAP percents. DNA-loaded SLNs, when stored at refrigerated temperature (4 ± 1°C), were more stable in comparison with room temperature storage (Fig. 3) . No statistically significant differences (p < 0.05) were observed between the formulations prepared at different time points.
Cytotoxicity evaluation of cSLN formulations
In vitro toxicity of cSLN and PEI as well as naked pDNA was evaluated in parallel on COS-7 cells and determined as a function of formulation concentration, by using SD 3, 4 formulations and PEI in N/P ratios of 7, 10, and 13 all without plasmids. Both SD 3, 4 formulations were found to be non-toxic comparable to pDNA treated and none treated COS-7 cells, as shown in Fig. 4 . There was a slight reduction in cell viabilities in SD 3 formulations, but we did not observe a significant difference (p < 0.05) in the viability of these formulations. Average cell viabilities were between 80 to 92% of untreated COS-7 cells as a negative control at different time points including 24, 48 and 72 hrs after treating with SD 4 formulation and 100% for the treated COS-7 cells with 5 µg pDNA sample. Cell viabilities were 26, 24 and 21% for PEI in the N/P ratio of 7, 10, and 13; respectively. After 48 hrs there was a significant reduction in cell viabilities while using PEI only. Incubation of cells with the SD 4 formulation loaded by pEGFP-cpa, pEGFP-cpb, pEGFP-cpb -CTE retained 89-86%, 82-81% and 92-87% viability, respectively (Fig. 5) . Similarly, the least cytotoxic PEI ratio (N/P=7) used to deliver pDNAs revealed 52-33%, 49-25%, 59-21% from 24-72 hrs, respectively. Even when the transfection time was up to 72 hrs, the cytotoxicity of SD 4 formulations didn't changed significantly (p< 0.05) but the cytotoxicity of PEI increased significantly after this time (p<0.05). Additionally, pEGFP-cpb expression, cell viability is at the lowest level. This difference is more significant (p< 0.05) when utilizing cSLN as the delivery carrier. 
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Transfection analysis
Microscopic observations revealed that SD 4 formulation did not induce any significant alteration in the cell morphology compared to the negative control over the two concentrations range and different time tested. The MTT assay of SD 4 -pDNA formulation using different genes did not reveal similar toxicity results as shown in Fig. 5 . This indicated that the related expressed proteins could affect the cell growth and this was more significant when formulating with cSLN as the less cytotoxic carrier compared to PEI. We observed higher expression of GFP in cells treated with PEI-pDNAs (Fig. 6 ). This effect was a general observation for all of the recombinant vectors (pEGFP-cpa, pEGFP-cpb, pEGFP-cpb -CTE
). As a part of the experiment, we tested the influence of the transfection time on gene expression. Although higher transfection times (72 hours versus 24 and 48 hours) increased the protein expression levels, microscopic evaluation of the cell viability also showed more dead cells when using PEI as the delivery system. This observation was not due to nutrient depletion of the media as the cells in contact with SD 4 formulation were still alive. This observation had concurrence with the MTT results after similar time intervals. We also studied the effect of transfection time on transfection efficiency by comparing the results in different transfection times (24, 48 and 72 hrs). The efficiency of 48 and 72 hrs transfection was not significantly different as we did not observe any change in transfection efficiency after 72 hrs of storage. Due to the MTT viability results and the visually observed cell deformation and death when transfecting cells with PEI at longer incubation times, a 48-hour incubation time was selected for flow cytometry evaluation. The highest expression levels associated with the percent of cells expressing GFP (Fig. 6 and  7) was obtained in the case of PEI-pEGFP (29.14%). This level was statistically higher (p < 0.05) than the percentage of transfected cells obtained with the SD 4 -pEGFP (14.64%). No statistically significant differences in the cells expressing GFP transfected with SD 4 -pEGF-cpa and SD 4 -pEGF-cpb -CTE were found. However, GFP expression was significantly higher in PEI-pEGFcpa and PEI-pEGF-cpb -CTE (p > 0.05) (Fig. 7) .
Determination of efficiency/toxicity ratio
Efficiency/toxicity factor was determined as a ratio of expression percent to toxicity percent obtained from flow cytometry and MTT tests, respectively. Fig. 8 presents these ratios according to the carriers and genes to be delivered. As shown in the figure, the efficiency/toxicity ratio of SD4 as a delivery carrier is twofold more than that of PEI when harboring the pEGFP-N1 without any inserted genes. In addition, for pEGF-cpb delivery which is happened to express the most cytotoxic CP amongst the evaluated genes (Fig. 5) , this factor showed no significant difference using either of these carriers.
DISCUSSIONS
Recovery and protection in leishmaniasis at least in animal models is associated with development of Th1 type of immune response (17) . The most important step in developing an effective vaccine against leishmaniasis is to identify appropriate antigens, delivery systems (adjuvants) and to have the knowledge of the type of immune response generated in protected hosts. Previously, we have reported constructing eukaryotic plasmids harboring cpa and cpb and demonstrated that a cocktail vaccine containing these genes is possible and effective for leishmaniasis (8) . However, recombinant naked pDNA is not proven as a powerful tool for DNA vaccination because of its rapid elimination from the circulation. - 
Percent of cells expressed GFP
In the present study, the efficiency of cSLNs as a delivery system to transfect COS-7 cells were investigated for further in vivo vaccine studies and protection against challenge infection. As a carrier system, solid lipid nanoparticles have many features that are valuable for nanomedicine. So far, SLNs have been investigated as delivery systems mostly for drugs and rarely for genes (14) (15) (16) (18) (19) (20) . In both cases, this delivery system is reported to proceed more efficiently compared to the drug or gene alone. cSLN has been shown to condense DNA into nanometric colloidal particles capable of transfecting mammalian cells in vitro (14 ,15, 18, 20) . Very recently, cSLN application for gene delivery has been conveniently investigated showing ability to induce the expression of a foreign protein in vivo (16) . This supports the potential of SLNs for gene and vaccine delivery (16, 23, 24) . cSLN offers several technological advantages when compared with standard DNA carriers such as cationic lipids or polymers, e.g. relatively easy production and in most cases without utilizing any organic solvent, large scale production possibility in qualified production lines, good storage stabilities, possibility of steam sterilization and lyophilization (11, 20, 23) . Hence, we aimed to evaluate cSLNs ability for in vitro delivery of cpa, cpb and cpb CTE intended to be used as a cocktail DNA vaccine in forthcoming studies on animal models to cover the main drawback of naked pDNA, that is rapid elimination from the circulation when used for DNA vaccination. In this regard, formulation S with a proper size and stability was prepared. The nanoparticles formulated of cetyl palmitate, cholesterol, DOTAP and Tween 80, and their transfection capacity and cytotoxicity were evaluated and compared to PEI 25 kDa, a highly efficient cationic polymer (21) . Furthermore, we evaluated the influence of the DOTAP/DNA ratio on the protection ability and cytotoxicity of the SLN-DNA complexes.
In our formulation process, there were at least three key steps. The first one was adjusting the amount of the surfactant for the required amount of core and cationic lipid (totally 5.1%). The second was utilizing the proper available method of preparation in our laboratory, i.e. homogenizing the coarse obtained o/w emulsion with high shear that resulted in a fine emulsion. Consequently, we can claim that melt emulsification followed by homogenization of the lipid phase after adding hot aqueous DOTAP solution for 15 min is a feasible and reproducible method which appears to be sufficient for producing a fine emulsion with average particle size of 257 nm. We used this method for further investigations. The last key step was anchoring pDNA on the surface of cSLNs. The SLN-pDNA complexes were prepared immediately after preparation of S formulation. One of the major negative aspects of the DNA encapsulated formulations is the exposure of pDNA to harsh conditions during particle preparation that causes DNA damage and integrity loss. To avoid this, we utilized a surface adsorption method via direct complexation of a constant amount of pDNA (5µg) with different weight ratios of DOTAP in formulation S. cSLN-pDNA complexes (S 1-9 formulations) were characterized and evaluated regarding size, zeta potential, nuclease protection, in vitro transfection efficiency, and cell viability.
As demonstrated in Table 3 , SD 1-4 formulations had smaller size than S formulation. These formulations correspond to DOTAP:pDNA ratios from 9:1 to 4:1 (185 nm to 245 nm). The size reduction and degree of pDNA condensation with regards to increasing the cationic lipid:pDNA ratio were comparable to the results reported by del Pozo-Rodríguez (15) . The zeta potentials (Table 3) were positive (between +46 to +23mV) for these DOTAP:pDNA ratios. For transfection purposes, these positive charges are helpful for supporting the interaction of cSLN delivery system with negatively charged COS-7 cell membrane and thus cell entry. However the transfection levels reported by del Pozo-Rodríguez was slightly smaller than we are reporting here (15) . This must be due to the presence of cholesterol domains in our cSLN formulation which enhances transfection by facilitating membrane fusion.
The inherent instability observed for the cSLN suspension is a severe limitation for the practical application of these carriers in medicine. Therefore, in order to obtain efficient vectors, we studied the cSLNs-pDNA formulations stability and observed that SD [1] [2] [3] [4] formulations can be kept in 4ºC up to 30 days. It is worth mentioning that we did not observe any significant (p < 0.05) change in size and zeta potential during this storage period. This means there was no tendency to loose pDNA and agglomerate during storage at 4°C. Therefore, for at least one month after storage at 4° C, constant transfection efficiency would be expected. It is highly probable that the presence of Tween 80 as an additive in cSLN formulation enhance its physical stability. During stability studies, protection ability of these formulations for the adsorbed pDNAs was tested by DNase I challenge assay. Our results suggest that the examined SD [1] [2] [3] [4] formulations are expected to be stable in the presence of serum nucleases and cell endonucleases, being able to deliver pDNA in a functionally active form with good structural integrity.
According to the size, zeta potential, DNase I assay and stability study results, SD 3, 4 formulations were selected for further tests like determining cytotoxicity. In addition, according to the size and zeta potentials (Table 3) , it was possible to obtain high percentage of fluorescent cells using SD [1] [2] [3] formulations. However, an increase in the cationic lipid ratio in SD 3 formulation resulted in lower cell viability. The SD 4 formulation, which revealed acceptable size, zeta, storage ability and minor cytotoxicity (87-92% in 72 hrs) were used in the next step. SD 4 formulation (less cytotoxic carrier) in complex with pDNAs harboring different genes demonstrated significantly different cytotoxicity patterns. This means that cytotoxic effect of the proteins which are going to be expressed is more noticeable when utilizing SLN as the less cytotoxic delivery carrier. Conversely, this difference is lower when being formulated with PEI (more cytotoxic carrier). This observation might be due to the higher cytotoxicity of PEI that will mask the cytotoxic properties of a gene that is going to be expressed after gene delivery to the nucleus.
It is worth mentioning that using substances that are generally recognized as safe (GRAS) with suitable amounts in SD 4 formulation lead to an advantageous toxicity profile when compared with polyethylenimine (PEI). This cationic polymer may cause liver necrosis and animal death after intravenous application and induces neutrophil infiltration and reduced lung function upon intratracheal application (20) . However, this carrier is still considered as a gold standard for efficient gene delivery, at least for in vitro application. Accordingly, to make a judgment between these two delivery systems (i.e. SLN and PEI) by means of their potency to transfect cells in vitro, the transfected cells were analyzed by flow cytometry as well as fluorescence microscopy and the related cytotoxicities were evaluated by MTT test as well.
We observed higher percentage of GFP-expressing cells in cells treated with PEI-pDNAs, qualitatively and quantitatively. The explanation is that uncomplicated cationic particles have a residual positive charge after adsorption of pDNA, which leads to attachment of nanoparticles onto the surface of cells (21) . The amount of residual charge present on the nanoparticles can determine their ability to stick to the cell membrane and consequently be taken up by the cells. Complexes prepared with PEI may have a higher amount of residual positive charge after loading of pDNA, due to their higher initial zeta potential which may facilitate efficient cellular internalization of nanoparticles. Higher zeta potential coupled with smaller size may be responsible for higher transfection efficiency of PEI-pDNA. This data is in agreement with other reports that stated in the absence of endosomolytic agents such as chloroquine, gene transfer efficiency mediated by SLN-derived gene vectors is lower than PEI 25 kDa (14, 18, 20) .
Our results showed the ability of SD 4 formulation containing Cysteine proteinase genes to transfect COS-7 cells and we were able to detect the green fluorescent protein quantifiably by fluorescent microscopy and also quantitatively by flow cytometry, although transfection efficiencies were lower than of PEI. Here, we point at an important feature of a non-viral transfection system, the efficiency/toxicity, which is determined as a ratio of pDNA expression percent to toxicity percent obtained from MTT test. Considering this feature, even though the SD 4 transfection efficiency was lower than that of the commercially available PEI, it is much better tolerated by the cells, having lower cytotoxicity confirmed by MTT results. Therefore, rational practical decision can be made only by comparing efficiency/toxicity ratio when in vivo utility is considered. As our data indicates, the efficiency/toxicity ratio of SD 4 as a delivery carrier is twofold more than that of PEI when harboring the pEGFP-N1 without any inserted genes. This was owed to the vigilant selection of nontoxic and nonirritant materials while formulating cSLNs. Our results further confirmed the data describing that cSLN composed of Precirol ® ATO 5, DOTAP and Tween 80 had adequate transfection stability and did not show any decrease in cell viability and stability properties even after one month storage at 4 °C (15) . We observed that related efficiency/cytotoxicity ratio of carriers is not only dependent on the delivery system but also depends to the gene which is going to be expressed. The difference between delivery systems was minimized when viability of cells decreased after expression of the associated genes. This was observed with CPB expression, which happened to be the most cytotoxic protein between the cysteine proteinases tested here. Therefore, we suggest that for such a more cytotoxic pDNA, a carrier with lower cytotoxicity would be more efficient to be utilized. In summary, in the present study, cSLNspDNA formulations harboring Cysteine proteinase genes were prepared and characterized regarding size, zeta potential and nuclease protection. In vitro transfection efficiency and cell viability were also evaluated and compared to linear PEI 25 kDa, the most powerful non-viral gene delivery carrier. cSLNs have demonstrated transfection capacity in vitro as confirmed by previous studies (14, 15, 18, 23, 24) . Being relatively cost-effective, biodegradable, non-toxic and stable, SD 4 formulation seems to have a good prospect as an effective delivery carrier for cocktail DNA immunization for leishmaniasis at least in animals. Gel retardation assays and GFP protein expression confirmed by flow cytometry proved that the positive charge of SD 4 -pDNAs (ζ potential = +23 mV) was suitable for interaction with the negatively charged cell surface and the cell entry. In addition, SD 4 formulation could compact pDNAs, thus prevent plasmid DNA degradation induced by DNas I enzyme. This formulation also showed CPs expression capacity in vitro at least for 72 hrs after their COS-7 cells treatment without a significant reduction in cell viability.
CONCLUSIONS
During the last decades, vaccine delivery has made considerable progress although this field is still confronted with several challenges, mainly concerning antigen immunogenicity, delivery and stability. This groundwork study shows the capacity of SD 4 -pDNA formulation to drive the expression of these genes while covering the most concerned criteria for pDNA delivery carriers that is cytotoxicity. Cocktail DNA vaccine and in vivo immunization against leishmaniasis is currently underway in our laboratory. Considering that SLN marketing arrival might not be too far (13) , and assuming this formulation will promote cps delivery, this strategy may provide a suitable vaccine platform against leishmaniasis. From a practical point of view, this work demonstrated joint efforts of two different disciplines involved that are needed to meet vaccine design challenges.
